The aim of this report was to study the biochemical parameters in sheep blood under conditions of various intensities of parasitic infection with Strongyloides papillosus, as well as after therapy with albendazole (ABZ
INTRODUCTION
Parasitic infections constitute an important group of diseases in sheep concerning the health status, welfare and productivity. Strongyloides papillosus is the causative agent of strongyloidosis in sheep and certain other species, including humans. Strongyloidosis is a clinical -pathological entity which is usually neglected in clinical practice (Olsen et al., 2009 ). The cause of this is that the clinical symptoms provoked by infection with S. papillosus are masked with symptoms of infections from other parasitic species, this being the most common case under conditions of natural infections. Also, at the low intensity of this parasitic infection, the organism of the host does not react with clinically manifested signs. Economical effects due to strongyloidosis in sheep include emaciation, reduced fertility, low milk and meat yield; it has been estimated that 15% of meat and milk production in Serbia is lost due to ovine strongyloidosis (Dimitrijević et al., 2012) .
The parasitic form of S. papillosus appears in the form of parthenogenetic females present in the sheep small intestines (Kassai, 1999; Eberhardt et al., 2008) . The infection occurs as a result of the introduction of infectious larvae (stage L3) by way of food and water (passive) and/or through percutaneous (active) penetration of the L3 larvae. Pathogenic impact of the parasites on the host derives from the presence of the larvae during migration and/or the adult forms in the intestines, which through their mechanical and secretory/excretory (SE) products are harmful to the host's tissues. Larvae which actively penetrate into the host's organism by rupturing the interdigital skin enabling the penetration of carriers of other etiology (e.g. the causative agents of footrot in sheep, as well as certain other anaerobic agents) (Abbott and Lewis, 2005) . The presence of S. papillosus and its developing forms cause disturbances in the animals' health, quite frequently inducing the sudden death syndrome in young ruminants (lambs and calves) due to heart failure (Taira and Ura, 1991). The degree of damage directly correlates with the intensity of the parasitic infection, i.e. with the number of parasites present and/or their larval forms (Ura et al., 1993; Nakanishi et al., 1993; Nakamura et al., 1994; Nakamura and Motokawa, 2000) . Kobayashi et al. (2009) state that the exact mechanism of how the infection with S. papillosus causes death among animals, has not yet been identified.
Albendazole (ABZ), benzimidazole's derivate, is a broad-spectrum antihelminthic, the drug of choice for the treatment of strongiloidosis and other parasitic infections (Kassai, 1999) . The contemporary, commonly accepted theory 583 is that the key mechanism by which ABZ achieves its effect is through its interaction with the eucariotic cytoskeleton protein, tubulin, by inhibiting its polymerization into microtubules (Rufener et al., 2009) . Also, ABZ acts on biochemical and enzymatic processes in parasites, inhibiting glucose transport in parasites, as well as the enzyme fumarate reductase. This leads to the impoverishment of energy reserves and death of the parasite. In our previous study, we have shown that infection with S. papillosus leads the host organism to a state of amplified oxidative stress (Dimitrijević et al., 2012) . In this state, it has been demonstrated that the level of oxidative stress correlated with the intensity of parasitic infection. It is of interest that albendazole therapy also brings the organism to a state of disturbed redox equilibrium, more intense than that observed for parasitic infection and for a longer time period (authors' unpublished data).
The increased exposure to ROS/RNS leads to cellular oxidative stress and consequently damages biomacromolecules (lipids, proteins and nucleic acids), what may induce controlled cell death (apoptosis), leading to the development of a malignant cell or uncontrolled cell death (necrosis). This type of mechanism is the basis for development of almost all diseases (Lykkesfeldt and Svendsen, 2007) . Having in view our previous studies in the field of oxidative stress in parasitic infections, the aim of this study was to investigate changes in the values of specific biochemical parameters (glucose, total proteins, albumine, A/G ratio, AST, total bilirubin, urea, calcium, phosphorus and total activity and isoenzymatic distribution of lactate dehydrogenase) which more closely depict the metabolic status of the ovine organism in the presence of parasitic infection, as well as after treatment with ABZ.
MATERIALS AND METHODS

Study area and animals
This study was performed in the vicinity of the town of Vranje (south eastern Serbia (village Kupinince). The climate in this region is continental, with long, cold winters and hot summers. Climatic factors play a very important role in the sterilization of pastures from infectious stages of geohelminate parasites, to which Strongyloides spp belongs (Stromberg, 1997). Due to a characteristic development cycle of the parasite, the way of contracting the infection and its strong enzootic character, infection with S. papillosus and its endurance in the natural environment, depend to a great extent on microclimatic factors in the sheep shelter. The sheep in this study were accommodated during the night in a shed with a thick dirt floor, thus subjecting them to a continuous infection with S. papillosus.
The research was carried out on female sheep (n = 30) of Würtemberg breed, 2-3 years of age, which had been parasitologically tested and confirmed to be infected with S. papillosus. In accordance with the intensity of the infection, animals 584 were divided into three groups: I 1 -having mild (n = 10), II 1 -moderate (n = 10), and III 1 -high intensity (n = 10) infection with S. papillosus. After determining the type of parasitic infection, the sheep were treated with albendazole (VERMITAN, Ceva-Philaxia, Hungary), per os, in single doses of 5 mg/kg body weight, thereon, the groups were marked as I 2 , II 2 , III 2 . The negative control group was marked as -C 1 (n = 10); and after treatment with ABZ was marked as C 2 . All experiments were performed according to our institutional guidelines for animal research and principles of the European Convention for the Protection of Vertebrate Animals Used for Experimental and Other (Official Daily N. L 358/1-358/6, 18, December 1986).
Sampling of feces for parasitological examination
Samples of feces were obtained once a day from each sheep individually, directly from the rectum, during the course of 3 days, on the 0 and 21st day after treatment with ABZ. Samples of each animal's feces were packed in a separate, marked plastic bag and transported in a portable refrigerator to a parasitological laboratory. For detecting and determining parasite species and their developing forms, standard identification keys for parasites were used, based on their developing forms, morphology and morphometrical characteristics of eggs, larvae and/or adult forms.
Methods used in coprological diagnostics were sedimentation and flotation (Kassai, 1999) . Examination of the samples was performed at magnifications of 7 × 10 and 7 × 40 using a Reichert microscope. The infection intensity was determined by counting the helminth eggs per gram of feces using modified McMasters' method (Euzeby, 1982; Reinecke and Fonseca, 1992 ).
Blood sampling
Blood samples for the tests were taken from sheep by puncture of v. jugularis. From both groups of sheep (before and on the 21st day after dehelminthization) one portion of blood was taken without anticoagulant, enabling the separation of blood serum, while the other portion of blood was taken with the anticoagulant heparin so that blood plasma could be obtained. Sera were obtained after spontaneous blood coagulation attained after centrifugation lasting 10 min at 3000 rpm. Plasma was obtained from blood with anticoagulant after centrifugation for 10 min at 3000 rpm. Erythrocytes were rinsed three times in physiological saline. Thus obtained samples of blood plasma, blood serum and erythrocytes were frozen at -20 o C until further analysis.
Biochemical assay
The kinetic method was used to determine aspartate aminotransaminase (AST) enzyme activity, while urea concentration was determined by means of the biuret method. The biuret method was also used to determine total protein concentration, while bromocresol green was used to determine albumin concentration.
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Total bilirubin (the sum of conjugated and unconjugated bilirubin) was determined in the reaction with diazonium ion of sulphanilic acid. Concentration of calcium was determined with the o-cresolphtalein method, while phosphorus concentration was measured by the reaction with ammonium molybdate. All of the above mentioned biochemical parameters were determined using commercial kits (Bayer Diagnostics, Germany). Spectrophotometric measurements were performed with Cecil CE 2021UV/VIS spectrophotometer. Blood glucose concentration was determined by using Precision-Xtra plus test strips.
Total and isoenzyme forms of lactate dehydrogenase (LDH1-LDH5) were determined by means of vertical electrophoresis at 7.5% PAGE (Hoeffer Mini VE, LKB, 2117, Bromma, Uppsala, Sweden) using Tris-glycine buffer, sodium-lactate as substrates in the presence of nitroblue tetrazolium chloride according to the Yoshida and Takakuwa method (1997). The band intensity of the isoenzymes of LDH was estimated using Scion Image Beta 4.02 software (Scion Corp., 2007). The density of each band was estimated with respect to the percentage of the total area.
Statistical analysis
Statistical significance of differences of all examined parameters were determined by means of the ANOVA, followed by the Tukey test. Data were expressed as means ± standard error. Significance level was set at p<0.05. Statistical analysis was performed using the Graph Pad Prism 5.0 Software, CA, USA.
RESULTS
Results of the biochemical analyses are shown in Figures 1 to 10 , and in Table 1 .
Comparing the mean values of blood glucose concentrations in the groups before dehelminthization with blood glucose concentration in the control group (C 1 ), it was determined that the group with mild intensity of infection had significantly decreased (2.85±0.10 mM/L; p<0.05), while groups with moderate (2.60±0.14 mM/L) and high (2.53±0.14 mM/L) intensity of infection had a very significantly decreased glucose concentration (p<0.001). After treatment with ABZ, concentrations of glucose in all of the studied groups were not statistically significantly different when compared to the C 1 group (p>0.05). However, between group comparison (before and after dehelminthization) showed that glucose concentrations were higher after dehelminthization, specially in groups with mild and high intensities of parasitic infection, this being statistically significant (p<0.05), while in the group with moderate parasitic infection, the level of statistical significance was p<0.01, when compared to the groups with parasitic infections. It is of interest that the concentrations of glucose in the control group C 2 were significantly lower (p<0.01) when compared to the control C 1 group. Comparison of the mean values of total protein concentrations in all analyzed groups (before and after dehelminthization) with the protein concentration in the control group (C 1 ), confirmed that the group with the high intensity of infection and all groups treated with ABZ had a significantly decreased total protein concentration (p<0.05). Analysis of the results obtained within the groups before dehelminthization confirmed that there was a significant statistical difference in total protein concentration between sheep with a mild and moderate infection intensity when compared to sheep with a high intensity parasitic infection (p<0.01). After dehelminthization, the analysis based on comparison between all groups did not identify any significant statistical difference in the total protein contents (p>0.05). It was however determined that a difference in the total protein concentration existed in the groups with mild and moderate infection intensity (80.18±1.50 and 82.07±2.07 g/L, respectively) even after dehelminthization with ABZ (72.77±1.40 and 74.95±1.31 g/L) with a statistical significance level of p<0.01. The reduction of total protein concentration was confirmed in the C 2 group, when compared with the control group (p<0.05). It can bee seen from Figure 3 that antihelminthic treatment decreases the concentrations of the dominant protein fraction, albumin, in the groups with mild, moderate and high infection intensity by 25.40%, 25.00% and 17.04%, respectively. A statistically significant (p<0.01) reduction in the concentration of albumin by 30.91%, provoked by ABZ, was confirmed in the C 2 group when compared with the C 1 group. It was noticed (Fig 4) that both before and after dehelminthization with ABZ, the A/G ratio had a decreasing tendency and that this reached minimal values in sheep with moderate infection intensity (0.82±0.06), in comparison with the control group (C 1 ) (1.49±0.22). The reduction of the A/G quotient was confirmed in the C 2 group.
By comparing the AST activity values (Fig 5) of all groups with those of the control group (C 1 ), a statistically significant increase in AST activity was established before dehelminthization (p<0.05). After dehelminthization of the group with mild intensity infection, AST reached its highest value (149.9±4.88 U/L) in comparison with the enzyme activity in the control group C 1 (66.50±6.50 U/L; p<0.001). Increased activity of this enzyme was also confirmed in the C 2 group (111.00±7.53 U/L; p<0.01), compared with C 1 group. An increase was observed in urea concentration (Fig 6) depending on the infection intensity. The group of sheep with a mild intensity infection had an increase of 40.26% (7.56±0.21 mM/L; p<0.05), the group of sheep with a moderate intensity infection had a 60.85% (8.67±0.35 mM/L; p<0.001), while the group with a high intensity infection had a 73.84% increase (9.37±0.27 mM/L; p<0.001) in comparison with the control C 1 group (5.57±0.37 mM/L). After dehelminthization, urea concentration mantained the increased values, ranging from 66.79% to 62.34%. The increase of 74.82% in urea concentration was noted in the C 2 group (10.06±0.18 mM/L) with a level of significance for p<0.001, when compared with the C 1 group.
Analyzing concentrations of total bilirubin (Fig 7) , before dehelminthization, a rise was detected depending on the intensity of infection, but without statistical group with mild intensity of infection (I 1 -before and I 2 -after dehelminthization), group with moderate intensity of infection (II 1 -before and II 2 -after dehelminthization), group with high intensity of infection with S. papillosus (III 1 -before and III 2 -after dehelminthization); C 1 -control group of sheep negative to the presence of parasite; C 2 -control group of sheep negative to the presence of parasite and treated with ABZ; *p < 0.05; **p < 0.01 vs. control group (C 1 ), +p < 0.05; +++p < 0.001 comparison of groups before and after dehelminthization (I 1 vs. I 2 , II 1 vs. II 2 , III 1 vs. III 2 ). . A/G ratio in sheep blood before and after dehelminthization: group with mild intensity of infection (I 1 -before and I 2 -after dehelminthization), group with moderate intensity of infection (II 1 -before and II 2 -after dehelminthization), group with high intensity of infection with S. papillosus (III 1 -before and III 2 -after dehelminthization); C 1 -control group of sheep negative to the presence of parasite; C 2 -control group of sheep negative to the presence of parasite and treated with ABZ; ***p < 0.001 vs. control group (C 1 ), +p < 0.05; +++p < 0. significance when compared to the control C 1 group (3.23±0.27 µM/L; p>0.05). After dehelminthization, an increase in the concentration of total bilirubin was determined in the group which had a mild infection intensity with the level of statistical significance p<0.05 (5,51±0.43 µM/L), in the group with moderate infection intensity the significance level was p<0.001 (6.95±0.71 µM/L), and in the group which had a high intensity of parasitic infection, the level of significance was p<0.01 (6.13±0.25 µM/L), when compared to the control C 1 group. It is of interest to note that in the C 2 control group, a rise in the concentration of total bilirubin was noted (5.42±0.48 µM/L), this value being statistically significant at p<0.01 when compared with the C 1 group. Analayzing concentrations of calcium within the groups before dehelminthization, in the presence of S. papillosus, it has been determined that a fall in serum calcium concentration occurs in sheep, this being in negative correlation with the intensity of parasitic infection. This however not being of statistical significance compared to the control C 1 group (p>0.05). After treatment with ABZ, it has been determined that there is a fall in the blood serum calcium concentration from the studied sheep, comparing within both groups before and after dehelminthization (1.87±0.04 vs 2.46±0.03; 1.59±0.09 vs 2.26±0.06; 1.62±0.06 vs 2.26±0.06 mM/L, respectively), as well as when comparing with the control C 1 group (2.54±0.05 mM/L), here the level of significance being p<0.001. Also, in the control group C 2, a fall of calcium concentration was determined when compared to the C 1 group (p<0.001) (Fig 8) . Figure 5 . AST activity in sheep blood sera before and after dehelminthization: group with mild intensity of infection (I 1 -before and I 2 -after dehelminthization), group with moderate intensity of infection (II 1 -before and II 2 -after dehelminthization), group with high intensity of infection with S. papillosus (III 1 -before and III 2 -after dehelminthization); C 1 -control group of sheep negative to the presence of parasite; C 2 -control group of sheep negative to the presence of parasite and treated with ABZ; *p < 0.05; **p < 0.01; ***p < 0.001 vs. control group (C 1 ), +p < 0.05; +++p < 0. It has been determined that the concentration of phosphorus in the group with mild parasitic infection with S. papillosus (2.87±0.08 mM/L) did not differ significantly from the C 1 group (2.66±0.07 mM/L; p>0.05). It may be, however, seen from Figure  9 , that with the rise of parasitic infection intensity, in the cases of moderate and high intensity, there is a fall of phosphorus concentrations (2.17±0.14 mM/L; p<0.05 and 1,99±0.08 mM/L; p<0.01, respectively), when compared to the control C 1 group.
After therapy with ABZ, there follows a fall of phosphorus concentrations in all groups (1.87±0.04; 1.59±0.09; 1.62±0.05 mM/L, respectively), the observed level of significance being p<0.001, when compared to the control C 1 group. On cross comparison of groups before and after dehelminthization, may be observed (Fig 9) that the fall of phosphorus concentrations in the groups with mild and moderate intensity of parasitic infection, was statistically significant (p<0.001). It has also been determined that serum phosphorus concentration in C 2 group was significantly lower when compared to C 1 group (p<0.001).
Increase LDH activity has been observed with increasing parasitic infection intensity; in the group with a mild infection, the statistical level was significant, p<0.01 (1447±41.04 U/L), and in the groups with moderate and high parasitic infection intensity the level of significance was p<0.001 (1882±72.90 and 2086±150.50 U/L, respectively) when compared to the control group C 1 (849.00±28.87 U/L). After dehelminthization, lower activities of this enzyme were observed, in the group with moderate (1354±139.40 U/L; p<0.05) and high intensities (1531±102.80 U/L; Figure 8 . Calcium concentration in sheep blood sera before and after dehelminthization: group with mild intensity of infection (I 1 -before and I 2 -after dehelminthization), group with moderate intensity of infection (II 1 -before and II 2 -after dehelminthization), group with high intensity of infection with S. papillosus (III 1 -before and III 2 -after dehelminthization); C 1 -control group of sheep negative to the presence of parasite; C 2 -control group of sheep negative to the presence of parasite and treated with ABZ; ***p < 0.001 vs. control group (C 1 ); +++p < 0. p<0.001) of parasitic infection when compared to the control C 1 group. On cross comparison of groups, before and after dehelminthization, statistically significant lower values (p<0.01) of LDH were determined after treatment with ABZ.
Comparing the total activities of this enzyme in the control groups (between C 1 and C 2 ), showed that treatment with ABZ results in a significant (p<0.01) increase of enzyme activity in the control C 2 group (1164±78.36 U/L) as shown in Figure 10 . Isoenzymatic forms of LDH (LDH 1 -LDH 5 ) offer information on the types of tissues and organs which have been damaged during parasitic infection, as well as after therapy with a medicament. Results of isoenzymatic distributions of LDH (LDH 1 -LDH 5 ) are shown in Table 1 . Analysis of LDH 1 isoenzymatic distribution showed that in the presence of parasitic infection, there is a significant (p< 0.001) reduction of this isoenzymatic form when compared to the control C 1 group. After applying ABZ, lower values of LDH 1 have also been observed, a significant difference (p<0.05) being determined only between the group with a mild infection and the control C 1 group. No statistically significant difference (p>0.05) was observed between the control groups C 1 and C 2 in the distribution of the LDH 1 isoenzyme. In contrast to LDH 1 , in all groups, an increase in the activities of LDH 2 has been observed, when compared to the C 1 control group, the level of statistical significance being p<0.001. After treatment with ABZ, in all of the studied groups, lower values of LDH 2 were determined, these values not differing significantly (p>0.05) when compared to the C 1 group. After dehelminthization however, on cross comparison between the groups before and after dehelminthization, statistically significant (p<0.001) lower values were detected after dehelminthization. Also, in the case of the C 2 control group, there is a significant reduction (p<0.05) of this LDH 2 when compared to the C 1 control group. Analyzing isoenzymatic LDH 3 distribution, it has been determined that in the presence of parasites, there is a significant increase (p<0.001) of this form in all groups when compared to the C 1 control group. After therapy with ABZ, a significant increase (p<0.001) of this isoenzyme was observed only in the group with mild parasitic infection intensity, while in the groups with moderate and high infection, there was a significant reduction (p<0.01) of LDH 3 . The control group C 2 showed a significantly higher (p<0.05) value of LDH 3 , as compared to the C 1 control group.It is of interest that the activity of LDH 4 is lower in groups infected with S. papillosus, in relation to the C 1 control group, this difference, however, being not significant (p > 0.05). After dehelminthization, an increased activity of LDH 4 was determined in groups with moderate (p<0.05) and high (p<0.001) infection intensity. No significant differences were observed between the C 1 and C 2 control groups (p > 0.05). The activity of LDH 5 was lowered in the group with mild, but increased in the groups with moderate and high parasitic infection intensities when compared to the C 1 control group, the level of significance being p<0.001. After dehelminthization, an almost identical relationship as in the previous case was observed. It is of interest that the application of ABZ lead to an increased activity of LDH 5 in case of the C 2 control group, when compared with the C 1 control group (p<0.001), as shown in 
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DISCUSSION
In clinical pathology, parasitic infections occupy a significant place and besides health, pose a great economic, as well as welfare, problem in sheep breeding. Sheep are highly susceptible to parasitic infections, even under conditions of very low pasture infections (Chauvin et al., 2001) . Taking into account this, the aim of this study was to investigate more closely the changes in specific biochemical parameters in the presence of parasitic infection with S. papillosus, as well as after therapy with ABZ and in this way identify probable oversights in the clinical approach to the therapy of parasitic infections in sheep.
Lactate dehydrogenase is a tetrameric, enzyme protein that interconverts pyruvate and lactate with concomitant interconversion of NADH and NAD. There are normally five isoenzymes of LDH (LDH 1-5 ) expressed in living cells, made of the combination between M-subunit and H-subunit. Analysis of total LDH is of restricted diagnostic importance and indicates damage to the cell membrane, with consequent "outflow" and increased activity of this enzyme in blood serum/plasma (Brancaccaio et al., 2010; Dimitrijević et al., 2012) . In our study, we determined that with the increase of parasitic infection intensity, there is a rise in the activity of plasma LDH (Fig 10) , this being a confirmation of cell membrane damage. After therapy with ABZ, the activity of this enzyme is significantly lower when compared to the presence of parasitic infection, although ABZ itself (C 2 group) leads to cell membrane damage. Namely, these results are in agreement with our previous investigation and the basic mechanism which results in cell membrane damage is the oxidative/nitrosative stress developing in the presence of xenobiotics (Dimitrijević et al., 2012) . Furthermore, as it is mentioned above, this enzyme exists in five isoforms (depending on the species and relationship of the subunits) with a varied distribution in tissues and organs, so that the determination of levels of isoenzyme distribution may be used for evaluating the degree of damage as well as the type of tissue subjected to damage (Jaffe et al., 1996; Yoshida and Takakuwa, 1997) . The first group of LDH isoenzymes includes the so called "fast isoenzymes" LDH 1 (H4 subunits) and LDH 2 (H3M subunits) which are mostly present in the heart, kidneys and erythrocytes. The second group is composed of "slow isoenzymes", LDH 4 (HM3 subunits) and LDH 5 (M4 subunits) characteristic for the liver and skeletal muscles, while the third group is composed of "moderate enzymes" LDH 3 (H2M2 subunits) characteristic for lungs, thyroid and adrenal glands (Gamieldien and Maritz, 2008) . Our results indicate that the presence of the S. papillosus, significantly increases the relative activities of LDH 2 , LDH 3 , and LDH 5 . This finding is justified because the larval forms of S. papillosus, after percutaneous infection, during their bloodstream migration to the small intestine, pass through the liver, myocardium and lungs (Kassai, 1999) . Our results show that after ABZ dehelminthization, the relative activity of isoenzyme LDH 5 increases in the group with moderate and high intensity infection and the control group (C 2 ) treated with ABZ, demonstrating damage to the hepatocytes. As a contribution to the statement that there is liver damage, this is shown by changes in protein fractions of blood plasma of infected and ABZ treated animals. Quantitatively, the most represented protein in the blood plasma, albumin, besides numerous physiological roles such as: transport of exogenic and endogenic substances, modulation of capillary permeability, adhesion and neutrophil activation, is significant as an extra-cellular antioxidant, thanks to the presence of virtue thiol groups (Oettl et al., 2008) . Since the liver is the exclusive place for the synthesis of albumin, the level of serum albumin represents an important biomarker for the functional state of the liver. It is possible that the fall in albumin concentration and changed A/G quotient, recorded in infected sheep, are a consequence of mechanical damage to the organs and also result from inflammation caused by the parasite migration ( Figs 2, 3 and 4) . The trend in the fall of albumin concentration which is observable also after treatment with ABZ, indicates to the hepatotoxic potential of this drug. The detection of increased AST activity (Fig 5) is also a contribution to the statement that the liver is damaged, the greatest increase in activity being detected in the group with the greatest intensity of parasitic infection (Kozat and Denizhan, 2010) .
The detection of increased urea concentration during our research, which increases linearly in correlation with the intensity of the parasitic infection (Fig 6) , may be explained by the increased production of nitrogen substances originating from secretory/excretory parasite products on one side, but also from the possible deterioration of the functional integrity of the kidneys. If one takes into account the underlying mechanism, both in parasitic infections and after drug therapy is oxidative/nitrosative stress, and the views of Saleh (2008) by which biomarkers for oxidative stress are detected in blood in the case of sheep chronic fascioliasis, this indicates that the localization of damage caused by ROS/RNS is not only restricted to the location of parazitation, but has a systemic character, as the formed free radicals can by circulation reach other organ systems, thus our findings in this respect are certainly justified. Marques et al. (2004) state that in water buffaloes infected with F. hepatica, beside the liver, kidneys can also be damaged. Ganga et al. (2007) demonstrated the influence of fascioliasis in river buffalos on their adrenal and thyroid glands, pointing out at the same time to the systemic effect of this parasite. After ABZ treatment, the urea concentration remains increased when compared to the control group (C 2 ), this leading to the conclusion that the applied antihelminthic also, through the induction of increased ROS/RNS synthesis, leads to oxidative/nitrosative stress.
The liver synhesizes, concentrates, and secretes bile acids and excretes other toxicants, such as bilirubin. It is of interest that the concentrations of total bilirubin were higher after therapy with ABZ (Fig 7) , indicating to hepatotoxicity of this drug. Drug-induced injury to hepatocytes and bile duct cell can lead to cholestasis, which in turn, causes intrahepatic accumulation of toxic bile acids and excretion products, with further hepatic injury. Fortunately, the liver has an enormous regenerative capacity, but regeneration of hepatocytes lost by necrotic and apoptotic cell death may mask detection of drug-induced injury (Jaeschke et al., 2002) .
In this experimental model we have also determined that with the rise in parasitic infection intensity with S. papillosus, there is a decrease in glycemia. Our results are contrary to those of other authors who state that this type of parasitic infection does not have such effect on the host (Šibalić and Cvetković, 1996). Our previous results, however, confirm that the liver suffered a degree of damage caused by the parasitic infection with S. papillosus, not only due to mechanical damage during migration of the parasite, but also due to consequential development of oxidative/nitrosative stress, which leads to impaired liver gluconeogenesis. After therapy with ABZ (control C 2 group) lower glycemic values were detected, indicating that hepatocytes, during ABZ biotransformation, also suffer damage to a certain degree (Fig 1) .
Considering the place where S. papillosus parasitizes (small intestines) (Kassai, 1999) , it is logical to expect a fall in calcium concentration, as we have demonstrated. Although the level of calcemia fell linearly with the rise in parasitic infection intensity (Fig 8) , it must be pointed out that calcium was within physiological values and lacking statistical significance when compared to the control group (C 1 ). After therapy with ABZ however, levels of calcium in the blood serum were significantly lower (p<0.001) than before therapy, as well as in the control C 2 group. It is very probable that the functional integrity of the liver was disturbed together with consequential disturbances in hydroxylation and formation of the active form of vitamin D (Braun et al., 1986 ) responsible for the resorption of calcium in the intestines.
Phosphorus concentration also fell with the rise of parasitic infection intensity, the determined phosphorus values being statistically significantly lower in relation to the C 1 control group. After dehelminthization, the trend of phosphorus decline continued. In the control C 2 group, there have also been observed significantly lower values when compared to the C 1 control group (p<0.001) (Fig 9) . From the view that under the influence of ABZ there was a fall in the concentrations of calcium and phosphorus, with clear evidence of disturbed liver integrity, the probable reason for such results is a deficit in protein carriers (synthesized in the liver) responsible for the active transport of these macroelements (Braun et al., 1986) .
In conclusion, our results show that parasitic infection with S. papillosus leads to liver damage, not only due to larval migration, but also as a consequence of the development of oxidative/nitrosative stress, which is especially pronounced after therapy with ABZ. As a consequence of parasitic infection and therapy with ABZ, metabolic disturbances appear. Considering our previous studies in the field of oxidative stress, we strictly recommend that in antiparasitic protocols, beside antihelminthics, substances with antioxidative properties should be used. Cilj ovog rada je bio da se ispitaju biohemijski parametri u krvi ovaca u uslovima različitog intenziteta parazitske infekcije sa Strongyloides papillosus, kao i nakon terapije sa albendazolom (ABZ). Istraživanje je izvedeno na ovcama Wurtemberg rase (n = 30) kod kojih je utvrđen blagi, srednji i visoki intenzitet parazitske infekcije sa S. papillosus. Kontrolnu grupu (n = 10) činile su ovce negativne na prisustvo parazitske infekcije. Stepen i vrsta promene praćeni su određivanjem koncentracije glukoze, ukupnih proteina, albumina, A/G ratio, AST,
